qRT-PCR analysis
Gene-specific primers were designed from CDS (retrieved from Rice Gene Annotation 1 3 9
Project) using PRIMER EXPRESS version 3.0 (PE Applied Biosystems TM, USA) with Root and shoot tissues were harvested separately and repeatedly washed with milliQ water.
4 6
Dried tissues were ground, and 50 mg sample. The diluted cooled digest was filtered and 1 4 7 stored in polypropylene bottles with a final volume of 50 ml. Analysis of Na and K content 1 4 8
was performed using a flame photometer (Systronics Flame Photometer 128µC). ½ MS containing 9.4 mM KNO 3 and 2.5 µM KI (K sufficient) and 2.5 µM KI (K deficient).
9 9
The media was supplied with 0 µM, 0.1 µM, 0.01 µM and 0.001 µM MeJA dissolved in 2 0 0 DMSO. Root growth was analyzed after five days of growth. RNeasy Mini Kit from the whole seedling according to the manufacturer's protocol. RNA 2 0 6 integrity was analyzed using Bioanalyzer (2100 Agilent technologies), and samples with RIN 2 0 7 value ≥ 7.5 proceeded for library preparation. Transcriptome sequencing was done using the 2 0 8
Illumina Hiseq 2500/4000 platform with two independent biological replicates for each WT 2 0 9
and OsJAZ9 OE10. Adapter sequences and low-quality bases were trimmed using expressed genes were identified as described (Bandyopadhyay et al., 2017 inoculation (dpi) for further study. Relative vertical sheath colonization (RVSC) was 2 3 0 calculated using the method described earlier (Ghosh et al. 2014) . For cell death assays temperature with continuous shaking. After that, samples were stained using distaining water. Samples were observed under a Nikon stereo-zoom microscope for blue color staining (Nikon AZ100). Recent transcriptome data suggest upregulation of a large number of JA associated genes
under K deficiency (Ma et al., 2012; Takehisa et al.., 2013; Shankar et al., 2013) . We also JA signaling and biosynthesis under K deficiency (Fig 1) . These results imply a higher 2 5 2 intrinsic level of JA and signaling during the initial phase of K deficiency in rice.
5 3
We noticed previously (Singh et al., 2015) To investigate it further, we generated OsJAZ9 overexpression/RNAi and OsJAZ9ΔC
translational reporter lines fused with GUS. OsJAZ9:GUS and OsJAZ9ΔC:GUS, (Full-length
OsJAZ9 and C-terminal deleted OsJAZ9 fused with GUS, respectively) were cloned under 2 6 1 35S promoter (Fig 2A; S2 ; S3). Me-JA treatment promoted the degradation of GUS signal in
OsJAZ9:GUS reporter roots; however, GUS signal was intact in the roots of OsJAZ9ΔC:GUS reporter line (Fig 2B) implying that OsJAZ9 is degraded in the presence of proteasomal degradation pathway and this degradation is mediated by C-terminal Jas motif 2 6 7
( Fig 2B) . Therefore, using these two lines, we investigated JA response during K deficiency
taking OsJAZ9:GUS stability as a proxy for JA action. Interestingly, the initial exposure of 2 6 9 K deficiency (up to 3h) showed a rapid decrease in OsJAZ9:GUS signals. However, after 6h GUS levels throughout the K deficiency ( Fig 2C) . This indicates a transient increase in
intrinsic JA levels in roots during the initial phase of K deficiency. All these results confirmed that JA signaling/levels are indeed enhanced under K deficiency response in rice,
and OsJAZ9 is a critical component of this response.
7 6
Overexpression of OsJAZ9 enhances K deficiency tolerance in rice biomass of OsJAZ9 OE lines was highly reduced during K deficiency while RNAi lines were
almost similar to WT roots ( Fig S5) . We also analyzed growth behavior of OsJAZ9:GUS OE showed increased shoot biomass under K deficiency ( Fig S6) . With these results, we
conclude that overexpression of OsJAZ9 imparts K deficiency tolerance to rice plants. To further analyse whether OE plants have higher K use efficiency or K uptake efficiency,
we examined growth behaviour of WT, RNAi (RN/14), OE (OE/10) and OsJAZ9ΔC OE 2 9 6
(J9ΔC) plants grown under K sufficient conditions for 10 days (T1) followed by K deficient conditions (0 µM K 2 SO 4 ) for 15 days (T2) and recovery with 10 µM K 2 SO 4 for 5 days (T3).
9 8
OsJAZ9 OE line usually showed reduced root and shoot growth as compared to WT, but 2 9 9
under K deficiency and recovery conditions, it showed better growth performance (Fig 3) .
This change becomes more apparent with J9ΔC OE line which usually does not have any confirming the level of K deficiency experienced by the plants and activation of JA signaling
( Fig S7A) . Interestingly, we did not find OsNHX1 induction under K deficiency while its
transcripts were induced during salt stress (Wu et al., 2015) . Thus its non-responsive nature
towards K deficiency demarcates the thin boundary between salt and K deficiency stress.
Next, we investigated how these genes behave in OsJAZ9 transgenic lines. Interestingly, we of K recovery (Fig S7B) .
Overexpression of OsJAZ9 affects JA signaling in rice 3 2 7
Overexpression of JAZs under constitutive promoter has resulted in JA increased insensitivity 3 2 8
in Arabidopsis and rice previously (Thines et al., 2007; Yamada et al., 2012) . Therefore, we 3 2 9
analyzed root growth inhibition in OsJAZ9 OE and RNAi lines on MeJA treatment.
Consistent to previous studies, we also observed a partial JA insensitive phenotype in
OsJAZ9 OE lines (Fig 4) . We observed ~57% root growth inhibition in RNAi line (RN12), K deficiency considering their respective controls while four were downregulated (Table S2 ).
4 7
Upregulated genes included OsAOS2, AOS3, OsLOX5, OsLOX7, OsLOX8, OsACX2,
OsOPR5, and OsJAO1. We also found higher expression of key JA marker genes like 3 4 9
OsLEA3 and OsVSP2 in OsJAZ9 OE plants than WT plants due to K deficiency (Table S2) .
This higher abundance of JA biosynthesis, signaling and marker genes confirms the higher
JA signaling in OsJAZ9 OE plants during K deficiency as compared to the WT plants. Further Analysis revealed that out of 13 known K transporters, 7 were having higher were expressed less. Among the lesser expressed ones, OsHKT27 codes for a K efflux OsSOS1 and OsGORK genes having higher abundance in OE line as compared to WT in K 3 5 9 deficient conditions and thus supports the case for higher K uptake in OsJAZ9 overexpressing 3 6 0 plants (Table S3) .
OsJAZ9 modulates root system architecture 3 6 2
As overexpression of OsJAZ9 results in higher K uptake, we analyzed root phenes that can 3 6 3 contribute to K uptake in addition to the transporter activity. Interestingly, OsJAZ9 OE plants
showed shorter seminal roots while RNAi (RN14) plants have longer seminal roots both in K 3 6 5 deficient and sufficient conditions. However, OsJAZ9 OE lines had higher lateral root length 3 6 6 (Fig 6) . It seems while seminal root length is inhibited in OE lines, increase in laterals length 3 6 7 might have increased root surface area for better K acquisition. Further, this phenotype seems
to be OsJAZ9 dependent as we observed a similar phenotype under both K deficient and 3 6 9 sufficient conditions. as compared to the conditions used in previous reports. Here we conclude that overexpression of OsJAZ9 results in enhanced natural JA levels which are also reflected in the transcriptome and morphological data. To test whether exogenous JA application can help plant tolerate K deficiency, we analyzed by MeJA treatment (Fig 7C) . We also noted that at severe K deficiency, a higher concentration (Fig S9) . Interestingly, Arabidopsis also showed better growth under K plants as compared to RNAi (RN12 and RN14) and WT plants (Fig 8A/B, Fig S10A/B) .
Being a necrotrophic pathogen, R. solani is known to impart cell death response in the degree of visible blue color, which reflects host cell death, was found significantly higher as 4 3 3 compared to the OsJAZ9 OE (OE3, OE10, and J9ΔC) plants (Fig 8C, Fig S10C) . Overall this RNAi lines were susceptible. Potassium being a macronutrient is one of the most important minerals for plant growth.
3 8
Despite its high concentration in soil, it remains mostly unavailable for root uptake and transporter and root architecture are more suited for enhancing K uptake efficiency in rice. (2017) have found enhanced JA levels during K deficiency in Arabidopsis, rice, and wheat. processes (Wasternack and Song, 2017) . We have reported that OsJAZ genes coding for JA 4 5 9
signaling repressors are transcriptionally influenced under K deficiency ( Singh et al., 2015) .
However, it has not been demonstrated that how JAZs are involved in regulation of K 4 6 1 deficiency response. Here, using comprehensive transgenics approach, we showed that
OsJAZ9 is a crucial component of JA signaling for K deficiency response (Fig 2) . was mainly because of increased K + uptake as Na + contents were less affected. These results Supplementary Table S1 . List of primers used for qRT-PCR and gene cloning. Supplementary Table S2 . Effect of OsJAZ9 expression on expression of JA associated genes under K deficiency.
Supplementary Table S3 . Effect of OsJAZ9 expression on K transporter expression under K deficiency.
Supplementary Table S4 . Effect of OsJAZ9 expression on expression of OsJAZ genes.
